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TECHNICAL NOTE
An animal model of reversible cardiac edema
HENRY MANDIN, FRED ALEXANDER and JOHN KIRSTEIN
Divisions of internal Medicine and Pathology, Faculty of Medicine, University of Calgary, Calgary, Alberta, Canada
The precise nature of the various factors which
trigger abnormal salt retention in cardiac failure re-
main imperfectly understood. Additional information
on these events might result from the application of
micropuncture methods to the investigation of edema
states. Such studies have been hampered by the lack of
an animal model of cardiac failure which would permit
each animal to serve as its own control. Cardiac tam-
ponade is one of the few cardiac manipulations leading
to chronic sodium retention which is readily reversible.
It is well known that chronic constrictive pericarditis
and cardiac tamponade are associated with a marked
systemic venous congestion and ascites. Although there
remains some disagreement regarding the effect of
cardiac tamponade on the pulmonary circulation [1,2],
evidence exists [3, 4] that tamponade causes an eleva-
tion of pulmonary wedge and venous pressure and that
it induces pulmonary congestion and edema. The he-
modynamic changes occurring in pericardial tam-
ponade were first attributed to diminished venous re-
turn to the heart resulting from the increase in
intrapericardial pressure [5]. Subsequent studies [1, 2,
6—8] have shown that the deterioration in ventricular
performance observed in pericardial tamponade was
not simply a reflection of diminished venous return
but resulted from impairment in myocardial contrac-
ility possibly as a result of decreased coronary blood
flow. Thus, at least some of the hemodynamic changes
in pericardial tamponade are similar to those present
in other edematous states of cardiac origin. It was our
intention to produce chronic pericardial tamponade in
an animal model so that persistent renal salt and water
retention would result; in addition, a prompt diuresis
would have to occur immediately after the removal of
pericardial effusion so that each animal could serve as
its own control in micropuncture experiments.
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Seventeen mongrel dogs weighing 16.5 to 35.5 kg
were anesthetized by i.v. administration of 30 mg/kg
of sodium pentobarbital. All animals were deprived of
food for 24 hr before surgery, but were allowed free
access to water. A thoracotomy was performed under
aseptic conditions through the fifth intercostal space
on the left side. One end of a silastic catheter was in-
serted into the pericardial sac and secured with a
purse-string suture. The other end of the silastic
catheter was brought out of the thoracic cavity
through an opening in the fourth intercostal space. In
this way the pericardial fluid could be subsequently re-
leased without opening the chest cavity. In 11 experi-
mental dogs, 0.2 ml/kg of Freund adjuvant (complete;
Difco Laboratories, Detroit, MI) was injected into the
pericardial sac through the silastic tubing prior to
tying the tube and securing it under the skin. In the
other six control dogs, the silastic tubing was sealed
and secured. After recovery from surgery, all dogs
were placed in individual metabolic cages. Each morn-
ing total daily urine volume was determined. Sodium
concentration was determined in these samples by
flame photometry. The diet was supplemented with
predetermined amounts of salt so that each dog re-
ceived 6 mEq/kg/day of sodium. The dogs with Freund
adjuvant were subjected to experimentation 11 to
13 days after surgery if evidence of ascites and edema
was present. Atropine, 0.01 mg/kg, was injected i.v.
30 mm prior to the injection of sodium pentobarbital,
10 mg/kg. Oxygen was given to the dogs by mask
during the 30-mm waiting period. All animals were
immediately intubated with cuffed endotracheal tubes
and ventilated with a respirator (Harvard Apparatus
Co., Inc., Millis, MA). Tidal volume was reduced to
5 ml/kg and respiratory rate was increased to 40/mm.
Cannulae were inserted into two leg veins for infusions
and venous pressure monitoring and into the femoral
artery for blood pressure measurements and blood
collection. Both ureters were cannulated through a
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suprapubic incision. The pericardial silastic catheter
was exposed through a skin incision.
None of the six control dogs developed edema; all
came into sodium balance within one to two days after
surgery (Fig. 1). Their weight remained constant.
Seven of the 11 experimental dogs had positive
sodium balance following the initial infusion (Fig. 2,
Table 1) and showed marked weight gain (Table 1).
Dogs 4 and 6 were reinfused a second time after failing
to retain salt following the initial administration of
Freund adjuvant. Positive sodium balance and weight
gain developed after the second infusion of Freund
adjuvant. All nine developed ascites, peripheral edema
and pulmonary congestion (rales on auscultation).
They were hypoxic (Po2 was 54.7 to 74.6 mm Hg) and
tachypneic (respiratory rate, 40 to 45 breaths/mm).
Mean blood pressures ranged from 100 to 130mm Hg.
Pulse pressures were 15 to 20 mm Hg. Central venous
pressures were 12 to 25 mm Hg. The removal of pen-
cardial fluid through the exposed silastic tube caused
venous pressure to diminish while both mean arterial
Time GFR0
mi/mm
RPF0 FF UN0V0
mi/mm LEq/min
CNO/CIfl
%
Mean BP
mm Hg
10:05 25.9 54.2 0.48 6.3 0.17 115
10:55 27.5 54.2 0.51 5.8 0.15 119
11:30 400 ml of pericardial fluid removed
12:17 34.6 69.5 0.50 62.3 1.24 140
12:45 32.7 61.8 0.53 90.2 1.90 140
1:09 34.8 67.4 0.52 84.5 1.69 136
1:50 35.1 70.0 0.50 102,8 2.03 135
a Left kidney only.
Table 3. Effect of removing pericardial effusion on blood pressure, urine flow, glomerular filtration1 and plasma flow, filtration
Dog No, Mean arter
pressure
mm Hg
T0
ial
R"
Urine flow rate0
ml/min'
GFR0
mi/mmnb
RPF0
mi/mm"
T° R' T° Rd T0 Rd
1 108 130 0.2±0.0 1.2±0.1 43.2±3.3 66.4±2,0 139.0±18.2 167.6±7.1
4 130 130 0.2±0.0 0.20±0.0 33.9±1.5 42.5±3.2 91.6±2.4 118.1±2.0
7 123 113 0.2±0.0 0.2±0.0 21.4±0.8 23.6±0.6 45.2±0.2 51.3±1.2
8 117 138 0.2±0.0 1.1±0.0 26.7±0.8 34.3±0.5 54.2±0.0 67.2±1.9
11 123 123 0.3±0.0 0.8±0.0 29.2±1.7 33.9±1.2 110.9±7.6 123.9±2.4
0 Left kidney only.
b SEM.
o Tamponade.
d Removal of tamponade.
Table 1. Effect of chronic tamponade on weight, edema and
sodium balance
Dog No. Initial
weight
kg
Final
weight
kg
Edema
and
ascites
Total positive
sodium balance
mEq
1 26.0 26.5 +" 673
2 21.0 26.0 + 594
3 35.5 33.5 0°
4 19.5 18.0 0 -
40 18,0 16.5 + 96
5 19.5 22.5 + 269
6 30.0 29.0 0 —
60 30.0 32.5 + 664
7 16.5 17.5 + 575
8 35.0 36.0 + 715
9 19.5 21.0 0 —
10 21.5 22.5 + 575
11 21.0 23.5 + 529
O Second infusion.
Present, +.
Absent, 0.
Table 2. Effect of removing pericardial effusion (dog 8)
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and pulse pressures increased (Fig. 3). With the re-
moval of the pericardial fluid, brisk diuresis and sub-
sequent natriuresis were observed within 5 to 15 mm.
Of the nine dogs which developed edema and ascites,
two died following administration of the anesthetic.
Five dogs demonstrated an increase in sodium excre-
tion following removal of the pericardial effusion. The
natriuresis was continuing three to four hours later
when all experiments were terminated. Only two of the
fraction and sodium excretion
FFa UNVa
p.Eq/min'
T° Rd T° R'
0.31 0.02 0.40± 0.02 0.8 0.01 34.8 8.5
0.37±0.02 0.36±0.02 3.4±0.1 18.1 1.4
0.48 0.03 0.46± 0.03 2.2 0.1 14.6± 0.9
0.50± 0.02 0.51 0.01 6.1 85.0± 8.5
0.26±0.0 0.27±0.0 33.9± 1.2 76.0±2.8
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Fig. 2. The relationship between sodium intake and excretion in a
dog after the insertion of a pericardial silastic cathether and in-
jection of Freund adjuvant (complete) into the pericardial sac (dog
11). On day 1 and day 10 food was not given. On day 2 food
offered was only partially eaten.
dogs on which experiments were accomplished failed
to diurese. An example of the response to removal of
pericardial fluid as well as a summary of the alterations
in mean arterial pressure, urinary flow rate, glomerular
filtration rate (GFR), renal plasma flow (RPF),
filtration fraction (FF) and sodium excretion in the
five responding dogs is shown in Tables 2 and 3.
These animals were killed after experimentation. Con-
trol dogs did not develop pericardial effusions. All
nine dogs with prior evidence of sodium retention had
pericardial effusions of 400 to 1100 ml. Eight of these
effusions were sterile. All nine had pleural effusions
and ascites.
Pericardial biopsy specimens revealed a predomin-
antly chronic inflammatory cell reaction to the in-
jected material with early formation of granulation
tissue in eight. The ninth showed a purulent exudate
with bacteria present. Evidence of pulmonary con-
gestion with diapedesis of red blood cells into alveoli
and marked centrizonal congestion of liver sinusoids
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Fig. 1. The relationship between sodium intake and excretion in a
dog after the insertion of a pericardial silastic cathether.
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Fig. 3. The effect of drainage of chronic pericardial effusion
(arrow) on blood pressure and central venous pressure.
was present in eight of the dogs. Liver biopsy speci-
mens revealed marked dilatation of central veins with
congestion of adjacent sinusoids and atrophy of inter-
vening liver cells. There was sparing of liver cords
around the portal areas. Biopsy specimens of lung and
liver in a ninth dog revealed severe acute inflammatory
cell infiltrate. Myocardial and kidney biopsy specimens
from all animals were normal.
The frequency with which positive sodium balance
and weight gain occurred in this series of animals was
almost 65%. Two of the animals which failed to retain
salt initially did so after a second injection of Freund
adjuvant increasing success rate to over 80%. The
postmortem findings of pulmonary congestion and
bilateral pleural effusion are suggestive of an element
of left ventricular failure. The marked centrizonal con-
gestion in the liver, ascites and peripheral edema are
suggestive of right ventricular failure. These patho-
logical findings along with the presence of hypoxia,
tachypnea, low pulse pressure and high venous pres-
sure persuade one to conclude that this model is
eminently suitable for the study of congestive heart
failure. However, of added significance is the ease with
which the sodium retention can be reversed. Within
minutes following the removal of the pericardial effu-
sion, an increase in sodium excretion was observed.
Surgical complications most likely caused the lack of
response in two dogs. One of the dogs had evidence of
systemic infection (seen in biopsy specimens from
lung, liver and pericardium); the other had an Un-
detected hemorrhage during a micropuncture experi-
ment. Although the pericardial tamponade and its re-
versal were achieved rather easily, the preparation of
the animal for experimentation proved to be more
difficult. Standard anesthetic doses (30 mg/kg of
sodium pentobarbital) were uniformly lethal in ex-
periments attempted prior to the present series in
which only 10 mg/kg of sodium pentobarbital was ad-
ministered. Prescribed tidal volume (10 mI/kg) lead to
shock and death. Uncorrected hypoxia on one occa-
sion produced lactic acidosis. However, by altering the
preparatory procedures in the manner described, this
model can be utilized for experimental purposes quite
successfully.
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